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Colonic anastomosis is one of the most frequent 
operations in surgical practice. The success rates of
anastomoses are highly dependent on the surgical
technique. The surgeon’s experience, medical and nu-
tritional status of the patient, interval and tightness
of the sutures, suture material and technique, can
effect anastomotic healing [1]. Despite the evidence
for technical improvements in colonic anastomosis,
these operations continue to show significant morbid-
ity compared with either anastomotic dehiscence or
associated medical conditions. One of the most com-
mon debilitating conditions is peritonitis, which is a
well-documented source of anastomotic breaks. This
type of condition is commonly observed in patients
undergoing surgery because of a complicated ileus or
peritonitis. Most surgeons prefer to perform a stoma
rather than anastomoses in a septic abdomen.
In the present study, we compared a conventional
anastomosis technique to anastomosis reinforced with
N-butyl-2-cyanoacrylate (BCA) under both clean contam-
inated and septic conditions. We assessed the efficacy of
BCA in terms of the early and late healing charac-
teristics of the anastomosis and adhesion formation.
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We investigated the effect of n-butyl-2-cyanoacrylate (BCA) on colonic anastomosis under clean
contaminated procedure (CCP) and bacterial peritonitis (BP) conditions in rats. Male Wistar
albino rats (n = 80) were divided into two groups: CCP and BP. In the CCP group, colonic resec-
tion and anastomosis were performed. BP was induced by cecal ligation and puncture. BCA was
administered to the anastomosis in half of the rats in both groups. Anastomotic assessment was
done on postoperative days 3 and 7 by evaluating the burst pressure, and gross anastomotic and
histopathologic healing indices. The presence and severity of adhesion formation was also inves-
tigated. There were no differences in terms of gross healing parameters on days 3 and 7. Burst
pressures were also similar on both days (p = 0.244 and p = 0.101, respectively). In the early phase
(day 3), adhesion development (p < 0.001), granulocytic cell infiltration (p = 0.02), inflammation
(p = 0.019) and necrosis (p = 0.019) were higher in the BCA groups. Mononuclear cell infiltration
(p = 0.659), fibroblastic cell infiltration (p = 0.538) and capillary formation (p = 0.316) were similar.
In the late phase (day 7), adhesion development (p < 0.001), necrosis (p = 0.001) and granulocytic
cell infiltration (p = 0.034) were higher in the treatment groups. Fibroblastic cell infiltration
(p = 0.017) and capillary formation (p = 0.016) were lower in BCA treated rats, particularly in the
BP condition. Mononuclear cell infiltration did not differ (p = 0.176). The application of BCA did
not provide any benefit under either CCP or BP conditions. Moreover, BCA caused increased
inflammatory reactions, necrosis and adhesion formation. During the late phase of healing, 
the ongoing enhanced inflammation caused a reduction in capillary formation and fibroblastic
infiltration, particularly under BP conditions.
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To our knowledge, this is the first study examining
the effect of BCA on colonic anastomosis in septic
abdomens.
MATERIALS AND METHODS
Subjects and surgery
After the approval of institutional ethical committee,
80 adult, male, Wistar albino rats weighing 250–300 g,
provided by the Gaziosmanpasa University, Experi-
mental Research Laboratory under standard hus-
bandry conditions, were randomly divided into two
groups. A colonic anastomosis was performed on the
animals 5 cm distal to the ileocecal valve under either
a clean contaminated procedure (CCP) or bacterial
peritonitis (BP) conditions at a room temperature of
22°C. Rats were anesthetized by intramuscular injec-
tions with 75 mg/kg ketamine hydrochloride and
5 mg/kg xylazine. Their body temperature was kept
constant at 35–36°C. The anterior abdominal wall
was shaved and treated with 10% povidone iodine
and a 3-cm median laparotomy was performed. BP
was induced using a cecal ligation and puncture
model, as previously described [2]. To simulate CCP,
the cecum was manipulated during the initial laparot-
omy, and then resected after ligation next to the ileo-
cecal valve during relaparotomy 6 hours later and
anastomosis was performed [3]. Colonic anastomosis
was performed using 5-0 (glycolic acid) interrupted
inverting sutures in a single layer in both groups.
Approximately 0.2 mL of BCA (Glubran 2®; General
Enterprise Marketing, Viareggio, Italy), the minimum
amount required to form a thin adhesive film, was
applied to the anastomosis using an insulin syringe
in half of the rats in each of the two groups. The treat-
ment groups were defined as CCP-BCA and BP-BCA.
The other rats in each group served as controls for
each condition and were defined as CCP-C and BP-C.
A summary of the study protocol is provided in the
Table. The fascia and skin were closed by 4-0 monofil-
ament running sutures. All animals were resuscitated
with 5 mL of saline, administered subcutaneously.
Laparotomy findings and assessment of
anastomosis
The rats were sacrificed by injection of a high dose of
thiopental sodium on postoperative day 3 or 7 to inves-
tigate, respectively, the early and late phase healing
characteristics of the anastomosis after the surgery.
After performing a U-type incision on the anterior
abdominal wall, the adhesion was evaluated. Asurgeon
blinded to the treatment groups graded the adhesion
with a numerical scoring system, as described by
Knightly et al [4] as follows: 0, no adhesions; 1, filmy
adhesions; 2, definite localized adhesions; 3, dense mul-
tiple visceral adhesions; and 4, dense multiple visceral
adhesions extending to the abdominal wall. Anasto-
motic assessment was performed by evaluating the
mechanical strength and using histopathological heal-
ing indices after resection of a 5-cm segment of the
colon, including the anastomotic segment. Tissues that
adhered to the anastomosis too tightly were not forced
away. The lumen of the colon was cleaned of fecal con-
tent by gentle flushing with saline. To assess the me-
chanical strength of the anastomosis, one end of the
excised segment was closed by a suture. The free end
of the colon was then catheterized with a polyurethane
tube and securely sutured to prevent air leakage. The
other end of the catheter was connected to an infusion
pump and to a mercury manometer through a Y-tubing
piece. The colon segment was then placed in a saline-
filled container and air was pumped at a rate of
5 cm3/min. The pressure reading in which bubbles
were seen was recorded as the burst pressure.
Histopathology
Histopathological evaluations were performed by
light microscopy with a magnification power of ×100
and ×400. Resected adherent tissues were fixed in for-
maldehyde, embedded in paraffin blocks and 4-μm-
thick sections were stained with hematoxylin and
eosin. A pathologist blinded to the experimental
Table. Summary of the study groups and protocol
Procedure Condition n Sacrifice day
Control CCP 20 10 animals 
BP 20 on days 3†
and 7‡ in 
each group
N-butyl- CCP 20
2-cyanoacrylate* BP 20
*N-butyl-2-cyanoacrylate (Glubran 2®; General Enterprise
Marketing, Viareggio, Italy); †groups defined as CCP-C3, BP-C3,
CCP-BCA3 and BP-BCA3; ‡groups defined as CCP-C7, BP-C7,
CCP-BCA7 and BP-BCA7. BCA = n-butyl-2-cyanoacrylate; 
BP = bacterial peritonitis; CCP = clean contaminated procedure.
groups graded the extent of granulocytic, mono-
nuclear and fibroblastic cell infiltration, and capillary
formation in each specimen using a semiquantitative
scoring system by assigning a score of 1–4 for his-
topathological healing indices. Necrosis was graded
as negative or positive. An inflammation score was
also assigned for each animal according to severity: 
0, none; 1, giant cells, occasional lymphocytes and
plasma cells; 2, giant cells, plasma cells, eosinophils
and neutrophils; and 3, many inflammatory cells and
microabscess formation [3].
Statistical evaluation
Levene’s test was used to test for homogeneity of
variances. One-way analysis of variance (ANOVA)
followed by Tukey’s honestly significant difference
test for post hoc analysis was used to assess the sig-
nificance of burst pressures, and χ2 tests (likelihood
ratios) were used to assess differences in dichoto-
mous variables. A p value < 0.05 was accepted as 
significant.
RESULTS
A total of five rats from the BP-C3 (n = 1), BP-BCA3
(n = 1), BP-C7 (n = 1) and BP-BCA7 (n = 2) groups died
on postoperative days 1 and 2 due to anastomotic
leakage. All of these rats had dilated bowel loops and
large volumes of purulent peritoneal fluid on nec-
ropsy. The mortality rates were similar between groups
(p = 0.342). Statistical analyses were performed ex-
cluding these mortalities.
As shown in Figure 1A, the burst pressures were
similar on day 3. The mean burst pressures for the
CCP-C3, CCP-BCA3, BP-C3 and BP-BCA3 groups
were 40.00 ± 0.07 mmHg, 40.50 ± 10.12 mmHg, 48.44 ±
11.21 mmHg and 44.44 ± 11.30 mmHg, respectively
(p = 0.244). On day 7, the mean burst pressures for the
CCP-C7, CCP-BCA7, BP-C7 and BP-BCA7 groups were
212.00 ± 21.49 mmHg, 198.00 ± 57.50 mmHg, 178.89 ±
57.32 mmHg and 156.25 ± 47.79 mmHg, respectively
(p = 0.101; Figure 1B).
Adhesion development was significantly higher in
the BCA-treated groups on both days 3 and 7 (p<0.001
for both; Figures 2A and 2B). On day 3, grade 3 adhe-
sions were only detected in the BCA-treated groups.
In addition, grade 4 adhesions were only detected in
the BP-BCA7 group on day 7.
The inflammation scores for each group are shown
in Figure 3A and 3B. We observed significantly in-
creased inflammation scores in the BCA-treated groups
on days 3 and 7, particularly in the BP group (p = 0.019
and p = 0.04, respectively). In the early phase of evalu-
ation (day 3), granulocytic cell infiltration and necro-
sis were higher in cyanoacrylate groups (p = 0.02 and
p=0.019, respectively). Mononuclear infiltration, fibro-
blastic cell infiltration, and capillary formation were
similar (p = 0.659, p = 0.538 and p = 0.316, respectively;
see Figures 4A and 4B).
In the late phase of evaluation (day 7) necrosis
and granulocytic infiltration scores were higher in
the BCA-treated groups (p = 0.001 and p = 0.034,
respectively). Fibroblastic infiltration and capillary
formation scores were significantly lower in the
BCA-treated groups, particularly in the presence of
Effects of cyanoacrylate on anastomosis
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Figure 1. Assessment of burst pressures on: (A) day 3 (p = 0.244); and (B) day 7 (p = 0.101). BCA = n-butyl-2-cyanoacrylate; BP =
bacterial peritonitis; CCP = clean contaminated procedure.
BP (p = 0.017 and p = 0.016, respectively). Mononuclear
infiltration scores did not show a significant differ-
ence (p = 0.176; see Figures 5A, 5B and 6).
DISCUSSION
Anastomotic leakage is a potentially devastating com-
plication in general surgical practice. It has a reported
incidence of up to 5% in elective surgery and 10–15%
in emergency surgery [5,6]. One of the important fac-
tors affecting the integrity of the anastomosis is the
technique used. The main function of the sutures is to
hold the ends of the intestines together until healing
can occur. Numerous studies have been carried out
to decrease the incidence of anastomotic leakage and
its related complications. One approach, which is
also an alternative to conventional suturing, is to
glue the ends of the intestine together. In this study,
we investigated the effects of BCA on the integrity of
the colonic anastomoses in septic conditions, in a rat
model. Cyanoacrylates are stronger than fibrin-based
adhesives, which are widely used for tissue approxi-
mation, and also have bacteriostatic properties that
may prove useful when contamination is inevitable.
There are a number of processes that play a role in
septic shock. Host and pathogen interactions lead to
the activation of macrophages, complement proteins
and immunoglobulins. Cytokine release may also be
observed, depending on the severity of the condition.
The main role of the inflammatory response is to build
a defensive cellular barrier against infection and elim-
inate microorganisms by expressing a number of cy-
tokines. After the release of endotoxin, the organism
elaborates mediators to activate the macrophage and
neutrophil effector mechanisms, increase procoagulant
and fibroblast activity to localize the invaders, and
increase microvascular blood flow to deliver immune
cells. Vasodilatory substances such as nitric oxide play
a central role in this cellular migration by diminishing
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Figure 2. Assessment of adhesion scores on: (A) day 3 (p<0.001); and (B) day 7 (p<0.001). BCA=n-butyl-2-cyanoacrylate; BP=bacterial
peritonitis; CCP = clean contaminated procedure.
C
ou
nt
 (n
)
A
CCP-C3 BP-C3CCP-BCA3 BP-BCA3
8
6
4
2
0
1 2 3
Inflammation
C
ou
nt
 (n
)
B
CCP-C7 BP-C7CCP-BCA7 BP-BCA7
8
6
4
2
0
1 2 3
Inflammation
Figure 3. Assessment of inflammation scores on: (A) day 3 (p = 0.019); and (B) day 7 (p = 0.04). BCA = n-butyl-2-cyanoacrylate;
BP = bacterial peritonitis; CCP = clean contaminated procedure.
the vascular tone [7]. These defense mechanisms lead
to a further influx of inflammatory fluid into the in-
fected area. This process begins within several min-
utes, and might peak within hours [8]. The organism
uses this type of mechanism to confine the pathogens
and septic debris to a localized area. However, sepsis-
related cellular influx and the hyperkinetic state pre-
vent adequate formation of a stable anastomosis [9].
Other factors that might lead to anastomotic leak in-
clude compromised anastomotic blood supply, local
trauma, stricture, metabolic disorders and foreign
bodies [10].
It was previously stated that cyanoacrylate may
facilitate rapid sealing of the two stumps and sup-
port the physiological wound-healing process. It was
also concluded that this glue is free of carcinogenic or
mutagenic effects, and that BCA might be useful for
intestinal anastomoses, which are at high risk of dehis-
cence [11]. The other reported advantages of acryl de-
rivatives and other glues are that these procedures
are time-saving [12], reduce blood loss [13–15], and
may offer advantages over traditional suture tech-
niques because they do not lead to tight tissue approxi-
mation [1]. The use of ethyl and methyl acrylates has
been abandoned because of their high toxicity [16–18].
For this reason, investigations have focused on less
toxic forms such as butyl and isobutyl cyanoacrylate
[19,20]. In this study, the application of BCA to normal
and high-risk colonic anastomosis did not provide any
benefit over conventional suturing in the early phase
of the healing. On the other hand, cyanoacrylate seems
to be detrimental during the late phase of the healing,
Effects of cyanoacrylate on anastomosis
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Figure 4. Assessment of mononuclear, granulocytic and fibroblastic cell infiltration and capillary formation scores for groups on 
day 3 (p = 0.659, p = 0.02, p = 0.538 and p = 0.316, respectively). BCA = n-butyl-2-cyanoacrylate; BP = bacterial peritonitis; CCP =
clean contaminated procedure.
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Figure 5. Assessment of mononuclear, granulocytic and fibroblastic cell infiltration and capillary formation scores for groups on day 7
(p = 0.176, p = 0.034, p = 0.017 and p = 0.016, respectively). BCA = n-butyl-2-cyanoacrylate; BP = bacterial peritonitis; CCP = clean
contaminated procedure.
probably because of the ongoing intense inflammatory
reaction. Furthermore, we observed increased adhe-
sion severity in BCA-treated groups, which indicates
that the prolonged inflammation might have adversely
affected the anastomotic healing. The increased inflam-
mation scores and necrosis rates in the BCA-treated
groups also support our findings. These results may
constitute a disadvantage for the use of BCA in pre-
paring anastomoses.
However, some studies have reported unchanged
adhesion scores in subjects treated with acrylates
[11,12]. Ozmen et al [21] found increased adhesion in
the early phase (day 3), but unchanged adhesion scores
on day 7. These findings contrast with ours. In studies
of peritoneal adhesion, the density of the adhesions,
and not just the number of adhesions, should be evalu-
ated. For example, in the same article by Ozmen et al
[21], the authors detected a similar number of adhe-
sions on day 7 in the BCA treated and non-treated
groups. However, the density of the adhesions was
more severe in the treated groups. It is unsurprising
that denser adhesions are observed in cases treated
with a local inflammatory foreign body. These out-
comes underlie the need to develop a protocol for pre-
paring anastomoses in contaminated conditions.
One of the indicators of anastomotic strength is
burst pressure. The lowest rate of burst pressure was
seen in group BP-BCA7 in the late phase of the study,
but it was not significant. Our results parallel those of
other reports indicating similar burst pressure rates
[22,23], but contrast with those stating higher burst
pressure in subjects treated with BCA [24,25]. It should
be emphasized that the burst pressure is an indirect
marker for anastomotic patency and may not predict
clinical outcomes. Higher burst pressure levels may
indicate an increase in mechanical strength, but do
not always preclude a safe anastomosis [22]. Early
leakage of an anastomosis is an outcome of technical
failure. This fact demonstrates the importance of molec-
ular parameters, such as neoangiogenesis, in deter-
mining the anastomotic patency [26]. In our study,
the pathological examination revealed decreased rates
of capillary formation and fibroblastic infiltration in
the treatment groups during the late phase of healing.
Necrosis and granulocytic infiltration scores were sig-
nificantly higher in the treatment groups in both the
early and late phases of healing. We believe that this
might be due to the presence of foreign body reac-
tions and increased the local response to acrylates.
In conclusion, the application of BCA did not pro-
vide any benefit under either CCP or BP conditions.
Moreover, BCA increased the rates of inflammatory
reaction, necrosis and adhesion formation. During
the late phase of healing, the ongoing elevated inflam-
matory state caused reduced capillary formation and
fibroblastic infiltration, particularly in the BP con-
dition. We believe that the presence of foreign bodies
in the peritoneal cavity aggravated the severity of
inflammation.
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